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ENSO: Earth’s dominant interannual climate signal 
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Global Impacts: 
• weather & climate, natural disasters, transportation 

• ecosystems, fisheries, agriculture 

• economies: commerce, energy, water, food, health 

How vulnerable are we to future ENSO events? 
• natural vs. anthropogenic risks 

• changes in dynamics vs. impacts 

• short, gappy, nonstationary observing system -> models crucial 

• coupling & scale interactions -> key test for models 
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GFDL: Strongly positioned in the ENSO community 
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ENSO simulations among the best in the world 
• realistic ENSO patterns, mechanisms, teleconnections 

• rich spectrum of ENSO behavior 

• stable 4000-year control run 

• complementary assimilation & forecast systems 

Groundbreaking ENSO research & collaborations 
• diversity, sensitivities, mechanisms  

• historical & proxy reconstructions 

• predictability, forecasts, observing system evaluation 

• extratropical impacts, drought, decadal signals 

• conceptual models, statistical emulators, community metrics 

Wittenberg (2009); Vecchi & Wittenberg (2010)‏; Kug et al. (2010); Delworth et al. (2012); Choi et al. (2013); 
Capotondi & Wittenberg (2013); Wittenberg et al. (2014); Bellenger et al. (2014); Jia et al. (subm); Wittenberg et al. (in prep) 

Sample of external collaborations: Collins et al. (2010); DiNezio et al. (2010, 2011, 2012, 2013); Chen et al. (2011); 
Guilyardi et al. (2012ab); Watanabe & Wittenberg (2012); Watanabe et al. (2012); Emile-Geay et al. (2013ab); 

U.S. CLIVAR (2013); Ogata et al. (2013); McGregor et al. (2013); Karamperidou et al. (2014); Graham et al. (2014); 
Cai et al. (2014); Capotondi et al. (subm); Graham et al. (in prep); Erb et al. (in prep); Chen et al. (in prep); Atwood et al. (in prep) 
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ENSO diversity in observations 
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NOAA ERSST.v3b 

U.S. CLIVAR Working Group on ENSO Diversity: Capotondi, Wittenberg, et al. (BAMS, subm. 2014) 
Kug et al. (2010); Chen et al. (in prep); Atwood et al. (in prep) 
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ENSO diversity in observations & models 
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U.S. CLIVAR Working Group on ENSO Diversity: Capotondi, Wittenberg, et al. (BAMS, subm. 2014) 
Kug et al. (2010); Chen et al. (in prep); Atwood et al. (in prep) 

CM2.1 simulation 

NOAA ERSST.v3b 

1900-1945    1945-2013 
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Reconstructing past variations in ENSO 
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McGregor et al. (Clim. Past, 2013); Emile-Geay et al. (2013ab) 

Proxy evidence suggests that ENSO has waxed & waned, 
with a significant amplification in recent decades. 

Multiproxy meta-reconstruction (from corals, tree rings, lake sediments & ice cores) of 
30-year running variance of 10-yr lowpass July-June annual-mean NINO3.4 SSTs. 
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ENSO response to increasing CO2 
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CM2.1 simulations 
show interplay of 
intrinsic ENSO 

modulation, 
decadal variation, 

and regional 
responses to 

increasing CO2 
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Vecchi & Wittenberg (2010) 
 

Collins et al. (2010) 
 

Xie et al. (2010) 
 

DiNezio et al. (2012) 
 

Watanabe & Wittenberg (2012) 
 

Watanabe et al. (2012) 
 

Ogata et al. (2013) 
 

Cai et al. (2014) 

Stronger 
ENSO... 

then 
weaker. 
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ENSO modulation: Is it decadally predictable? 
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Wittenberg et al. (J. Climate, 2014) 

“Perfect-model” forecasts of NINO3 SSTA, for extreme-ENSO epochs simulated by CM2.1 

model year 

˚C 

˚C 

(External forcings held fixed at 1860 values.) 

original 
trajectory 

quiet 
forecasts 

active 
forecasts 
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ENSO improvements with increasing resolution 
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Delworth et al. (2012); Jia et al. (subm); Wittenberg et al. (in prep) 

5x atm 

4x ocn 

2.5x ocn 

OBS 
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1. ENSO’s future depends on both intrinsic 

modulation and external forcings. 

2. GFDL’s simulations are among the best in 

the world, and improving. 

3. GFDL is rapidly advancing community 

understanding of ENSO’s diversity, 

dynamics, sensitivities, and predictability. 
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ENSO Summary 
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GFDL’s recent publications on ENSO 


